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selected rare earth (RE)-transition metal (TM) ferrimagnets for the material platforms because they have an angular momentum compensation temperature where antiferromagnetic spin dynamics are achieved [38, 40, 41] . The magnetic-field-driven DW motion was explored over a wide range of temperatures including , and the Gilbert damping parameter was extracted from the measured DW mobility at each temperature by employing the collective coordinate model initially developed for ferrimagnetic spin dynamics [38] . Contrary to the previous prediction that the Gilbert damping parameter would diverge at due to the vanishing of the total angular momentum [42, 43] , we found that the Gilbert damping parameter remained nearly constant over a wide range of temperatures across with the estimated value as low as 7.2 × 10 -3
, which was similar to the reported values of TM-only ferromagnets [20] . These results suggested that Gilbert damping was mainly governed by electron scattering at the Fermi level, and hence, the 4f electron of the RE element, which lies far below the Fermi level, did not play an important role in the magnetic damping of RE-TM ferrimagnets.
For this study, we prepared perpendicularly magnetized ferrimagnetic GdFeCo films in which the Gd and FeCo moments were coupled antiferromagnetically. Specifically, the films were 5-nm SiN/30-nm Gd23.5Fe66.9Co9.6/100-nm SiN on an intrinsic Si substrate. The
GdFeCo films were then patterned into 5-µm-wide and 500-µm-long microwires with a Hall cross structure using electron beam lithography and Ar ion milling. For current injection, 100-nm Au/5-nm Ti electrodes were stacked on the wire. A Hall bar was designed to detect the DW velocity via the anomalous Hall effect (AHE).
We measured the magnetic DW motion using a real-time DW detection technique [38, 40, 41, 44, 45] [see Fig. 1 (a) for a schematic]. We first applied a magnetic field of -200 mT to saturate the magnetization along the -z direction. Subsequently, a constant perpendicular magnetic field , which was lower than the coercive field, was applied along +z direction. . Such linear behavior can be described by 〈 〉 , where is the DW mobility and is the correction field, which generally arises from imperfections in the sample or complexities of the internal DW structure [47, 48] . We note that can also depend on the temperature dependence of the magnetic properties of ferrimagnets [45] . at , as demonstrated in our previous report [38, 40, 41] .
The obtained DW mobility was theoretically analyzed as follows. The DW velocity 6 of ferrimagnets in the precessional regime is given by [38, 39] , 1 where is the DW velocity, is the DW width, is the perpendicular magnetic field, is the Gilbert damping parameter, and are the magnetization and the spin angular momentum of one sublattice, respectively. The spin angular momentum densities are given by / [49] , where /ℏ is the gyromagnetic ratio of lattice , is the Landé g factor of lattice , is the Bohr magneton, and ℏ is the reduced Plank's constant.
The Gilbert damping is in principle different for two sublattices, but for simplicity, we assume that it is the same, which can be considered as the average value of the damping parameters for the two sublattices weighted by the spin angular momentum density. We note that this assumption does not alter our main conclusion: low damping and its insensitivity to the temperature. Equation (1) (see the dotted line in Fig. 3 ). This result is in stark contrast to the previous prediction. In ref.
[42], Stanciu et al. investigated the temperature dependence of the effective Gilbert damping parameter based on a ferromagnet-based model and found that the damping diverged at .
Because they analyzed the magnetic resonance in ferrimagnetic materials based on a ferromagnet-based model, which cannot describe the antiferromagnetic dynamics at at which the angular momentum vanishes, it exhibits unphysical results. However, our theoretical analysis for field-driven ferromagnetic DW motion based on the collective coordinate approach can properly describe both the antiferromagnetic dynamics in the vicinity of and the ferromagnetic dynamics away from [38] . Therefore, the unphysical divergence of the Gilbert damping parameter at is absent in our analysis.
Our results, namely the insensitivity of damping to the compensation condition and its low value, have important implications not only for fundamental physics but also for technological applications. From the viewpoint of fundamental physics, nearly constant damping across indicates that the damping is almost independent of the total angular momentum and is mostly determined by electron spin scattering near the Fermi level.
Specifically, our results suggest that the 4f electrons of RE elements, which lie in a band far below the Fermi level, do not play an important role in the magnetic damping of RE-TM ferrimagnets, whereas the 3d and 4s bands of TM elements have a governing role in magnetic damping. This result is consistent with the recently reported theoretical and experimental results in FeCo alloys [20] . From the viewpoint of practical application, we note that the estimated damping of 7.2 × 10 -3
is the upper limit, as the damping estimated from DW dynamics is usually overestimated due to disorders [53] . The obtained value of the Gilbert damping parameter is consistent with our preliminary ferromagnetic resonance (FMR) measurements. The experimental results from FMR measurements and the corresponding theoretical analysis will be published elsewhere. This low value of the Gilbert damping parameter suggests that ferrimagnets can serve as versatile platforms for low-dissipation high-speed magnetic devices such as spin-transfer-torque magnetic random-access memory and terahertz magnetic oscillators.
In conclusion, we investigated the field-driven magnetic DW motion in ferrimagnetic
GdFeCo alloys over a wide range of temperatures across and extracted the Gilbert damping parameter from the DW mobility. The estimated Gilbert damping parameter was as low as 7.2 × 10 -3
and almost constant over the temperature range including , which is in stark contrast to the previous prediction in that the Gilbert damping parameter would diverge at due to the vanishing total angular momentum. Our finding suggests that the magnetic damping of RE-TM ferrimagnets is not related to the total angular momentum but is mostly governed by the scattering of electrons at the Fermi level where the TM element has a dominant role for the magnetic damping. 
